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ABSTRACT 
T h e  s ymbi o t ic r e la t i o n s h ip be t w e e n  R h i z o bium 
japon i cum (K i r . )  Buch . a n d  G lyci n e � ( L . )  M e r r . w a s  
t h e  concern o f  t h i s  t h e s i s . T h i s  r e la t i o n s h i p o ccu r s  
n a t u r a l l y  i n  s o ybean f i e l d s . I n  t h e  f i e l d t h e r e  a r e  
m a n y  d i f f e r ent s t r a i n s  o f  R h i z o bium . S o m e  o f  t h e s e  
s t r a i n s  f i x  a t mo s p h e r i c  n i t r o gen m o r e  e f f i c i e n t l y  t h a n  
o t h e r s  r e s u l t in g  i n  a h i gh e r  crop y i e ld . T h e  p ro bl em i s  
t h e  m o r e  e f f i c i e n t  n i t r o gen f i x e r s  a r e  o u t -comp e t e d  by 
l e s s  e f f i c i e n t  n i t r o gen f ix e r s . I n  o r d e r  t o  s o l v e  t h i s  
p r o bl em t h e  m o r e  comp e t i t iv e  s t r a in s  h a v e  t o  be 
con t r o l l e d . Th e r e  a r e  two m a i n  w a y s  t o  d o  t h i s . O n e  i s  
t o  i n cr e a s e  t h e  numbe r  o f  t h e  d e s i r e d  s t r a i n ( s )  a n d  t h e  
o t h e r  w a y  i s  t o  d e cr e a s e  t h e  number o f  t h e  u nd e s i ra b l e  
s t r a in ( s ) . I n  t h i s  t h e s i s  t h e  m e t h o d  u s e d  w a s  t o  
d e cr e a s e  t h e  u n d e s i r a b l e  s t r a in ( s )  by u s i n g  
bact e r i op h a ge s p e ci f i c f o r  t h e s e  s t r a in ( s ) . T h e  
bact e r i o p h a ge ,  i n  t h eo r y ,  w i l l  o n l y  i n f ect a n d  l y s e  t h e  
s t r a i n s  f o r  wh i ch i t  i s  s p e ci f i c .  T h i s  w i l l  a l l ow t h e  
d e s i r e d  s t r a i n  t o  n o d u l a t e  a n d  f i x  n i t r o gen f o r  t h e  
s o y bean s . 
I n  o r d e r  t o  t e s t  t h i s  m e t ho d ,  f i r s t  a bact e r i o p h a ge 
h a d  t o  be i s o l a t e d  f r o m  t h e  s o i l  a n d  e n r i ch e d .  T h e n  t h e  
bact e r i o p ha ge h a d  t o  be t e s t e d f o r  s t r a in s p e ci f i ci t y . 
O n ce t h i s  w a s  d e t e rm i n e d ,  comp e t i t i o n  s t u d i e s  w e r e  
s e t  u p  w i t h  t h e  bact e r i op ha ge t o  s e e  i f  i t  cou l d  con t r o l  
( 1 ) 
t h e  m o r e  comp e t it iv e  s t ra in s . Af t e r  s e t t in g  up t h e  
comp e t i t i o n  s t ud i e s ,  t h e  e n z ym e - l in k e d  immun o s o r ba n t  
a s s a y  ( ELI SA) t e s t  wa s u s e d  f o r  d e t e r m i n i n g  wh i ch s t r a in 
o f  bact e r ia w a s  in e a ch n o d u l e  t e s t e d .  This t e s t  w i l l  
be d e s cr i bed in d e t a i l . 
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INTRODUCTION 
Fa r me r s  and s c i e n t i s t s  a li k e  a r e  be c o ming mo r e  
a w a r e  o f  t h e  r e lat i o n s h ip between s o me o f  t h e  p la n t s i n  
t h e  f a mi ly le g u mi no s e a e  a n d  c e r t a i n  s p e c i e s  o f  ba c t e r i a  
in t h e  g e n u s  R h i z o b i u m .  T h i s  r e la t i o n s h ip i s  a 
s y mbi o t i c  p ro c e s s  be t w e e n  t h e s e  t wo o r g a n i s ms wh i c h  
r e s ult s i n  t h e  f ix a t i o n  o f  a t mo s p h e r i c  n i t r o g e n  i n t o  a 
f o r m  t h e  p la n t  c a n  u t i li z e . T h e  i mp o r t a n c e  o f  t h i s  
p r o c e s s  i s  t wo - f o ld .  E c o n o mi c a lly , n i t r o g en f i x a t i o n  
r e du c e s  t h e  c o s t  o f  e x p e n s iv e  n i t r o g e n  f e r t i li z e r s  w h i le 
i t  i n c r e a s e s  t h e  o v e r a ll c r op y i e ld .  S c i en t i f i c a lly, i t  
i s  s t ud i e d  o n  a mo lecular lev e l  t o  o bt a i n  a be t t e r 
unde r s t a n di n g  o f  t h e  a c t u a l  ho s t -p a t h o g e n  i n f e c t i o n  
p r o c e s s . T h i s  w i ll a i d  p la n t  p a t h o lo g i s t s  a n d  
p h y s i o log i s t s  i n  t h e  s t u di e s  o f  many plant d i s e a s e s  a n d  
w i ll h o p e f u lly l e a d  t o  n e w  c u r e s . 
T h e r e  a r e  s ev e r a l  s t e p s  w h i c h  o c c u r  i n  s y mb i o s i s . 
E a c h  s t e p  w i ll be de s c r ibed br i e fly. F i r s t ,  t h e r e  i s  a 
r e c o g n i t i o n  be t w e e n  t h e  Rh i zo b i u m  a n d  t h e  p la n t  r o o t  
( 1 6 ) .  I t  h a s  be en s u g g e s t e d t h a t  lec t in s  a r e  
r e s p o n s i ble f o r  r e c o g n i t i o n  and a t t a c hmen t be t w e e n  t h e  
c o mp a t i ble Rh i zo b i u m  a n d  h o s t  ( 1 , 9 , 1 8 , 1 9 ) . T h e  
ba c t e r i u m  t h e n  a t t a c h e s  t o  t h e  r o o t  h a i r . T h i s  c au s e s  
t he r o o t  h a i r  t o  c u r l  a r o u n d  a n d  env e lop t h e  bac t e r i u m .  
A f t e r  env e lop ing t h e  ba c t e r i u m, a n  i n f e c t i o n  t h r e a d  
s t a r t s  t o  develop a n d  g r o w s  i n t o  t h e  c o r t e x . The 
( 5 )  
formation o f  a n o d u l e  b e g in s . The b a c te r ium , s u r r o u n d e d  
b y  the i n f e c ti o n  thr e a d  memb r a n e , i s  r e l e a s e d  
intra c e l lu la r l y  i n to the c o r tex . It b eg in s  to mu l t i p l y  
a n d  u n d e r g o  a c o n v e r s io n  i n to b a c te r i o d s . O n c e  th i s  h a s  
o c c u r e d ,  a n  e f f i c i e n t  i n te g r a te d  s h a r e d  m e ta b o l i sm w i l l  
b e  e s tab l i s h ed ( 1 6 ) .  
S ymb i o s i s  b e tw e e n  l e g u m e s  a n d  i n d i v i du a l  s pe c i e s  o f  
Rh i z o b ium i s  s pe c i f i c . Norma l ly o n l y  o n e  s pe c i e s  o f  
Rh i z o b ium w i l l  n o d u l a te a pa r ti c u l a r  l egume h o s t .  Th e r e  
h a v e  b e en s ome s tu d i e s  w h i c h  s how tha t  c e r ta i n  Rh i zo b ium 
s pe c i e s  c r o s s  n o d u l a te w i th s e v e r a l l egume v a r i e ti e s  
( 1 0 ) . Th e r e  a r e  s i x c ommo n l y  s tu d i e d  s pe c i e s  o f  
Rh i z o b ium w h i c h  u s u a l l y n o d u l a te a s pe c i f i c  legume h o s t .  
The o n e  s tud i e d  i n  th i s  th e s i s  w a s  Rh i z o b ium japo n i c um 
( K i r . )  Bu c h .  It n o d u l a te s  G lyc in e  � ( L . )  M e r r  
( s o yb e an s ) .  The o th e r  f iv e  s pe c i e s  o f  Rh i zo b i a  a r e : R .  
tr i f o l i i  Dan . ,  R .  m e l i lo t i  Dan . ,  R .  l egu m i n o s a rum 
( F r . )  F r a n k , R.  phas eo l i  Dan . ,  and R .  l up i n i  ( S c h . )  Eck 
( 1 2 ) . The l eg u m e s  they c ommo n l y  n o d u l a te a r e : Tr i f o l ium 
s a tivum ( M i l l . )  S c hr e b . ( c l o v e r ) ,  M e d i c ago s a ti v a  L .  
( a l f a l f a ) ,  P i s u m  s a tivum L .  ( pe a ) , P hase o lu s  v u lgar u s  
L .  ( b ea n ) ,  a n d  L upin u s  l u te u s  L .  ( l u pi n e )  r e s pe c tiv e l y 
( 6 ) • 
W i th i n  e a c h  o f  th e s e  s pe c i e s  o f  Rh i z o b i u m , th e r e  
a r e  many d i f f e r e n t  s tra i n s . Th e s e  s tr a in s  d i f f e r  in 
the i r  a b i l i ti e s  to n o d u l a te ,  f i x  n i tr o g e n , c u r l  r o o t  
h a i r s ,  e tc . B e c a u s e  o f  the v a r i a b i l i ty b e tw e e n  e a c h  
( 6 )  
s t ra in , t h e r e  a r e  d i f f e r e n t  d e g r e e s  o f  c o mp e t iv e n e s s  t o  
n o d u l a t e  t h e  h o s t  l e gume . S o m e  s t r a i n s  a r e  f a r  m o r e  
c omp e t i t iv e  t h a n  o t h e r s . T h e s e  c o mp e t i t iv e  s t r a i n s  w i l l  
o c c u p y  t h e  ma j o r i t y  o f  t h e  n o d u l e s  ( 1 1 , 17) . 
T h i s  c o mp e t i t iv e  f a c t o r  h a s  c r e a t e d  a p ro b l em in 
n i t r o g en f i x a t i o n  r e s ea r c h . C e r t a in s t r a i n s  o f  b a c t e r i a  
i n d i g e n o u s  t o  t h e  s o i l  a r e  g o o d  c omp e t i t o r s  b u t  t h e y  a r e  
l e s s  e f f i c i e n t  n i t r o g e n  f i x e r s . T h e r e f o r e ,  t h e  c r o p  
y i e ld i s  n o t  a s  g o o d  a s  i t  c o u l d  b e  (10 , 11,17,19 ) .  In 
a n  e f f o r t  t o  r e s o lv e  t h i s  p r o b lem , t h e r e  h a v e  b e en m a n y  
s t ra i n s  i s o la t e d  a n d  d e v e l o p e d  in t h e  l a b o r a t o r y  t h a t  
a r e  v e r y  e f f i c i e n t  n i t r o g en f i x e r s  ( 11 , 1 7 ,2 2 ) . U n d e r  
l a b o r a t o r y  c o n d i t i on s , t h e s e  s t r a i n s  w i l l  n o du l a t e  t h e  
p la n t s  a n d  e f f i c i e n t l y  f i x  t h e  a t mo s p h e r i c  n i t r o g e n  
w h i c h  w i l l  r e s u l t in a n  inc r e a s e  in t h e  c r op y i e l d . 
Y e t , u n d e r  f i e ld c o n d i t i o n s  t h e s e  s am e  s t r a i n s  a r e  o u t  
c omp e t e d  b y  t h e  i n d i g e n o u s  s t r a i n s , a n d  t h e r e f o r e  w i l l  
o c c u p y  o n l y a sma l l  p e r c en t  o f  t h e  n o d u l e s  o n  t h e  p l a n t . 
T h e  y i e l d  w i l l  e i t h e r  s t a y  t h e  s am e  o r  i t  m a y  e v e n  
d e c r ea s e  ( 2,10,11,17 , 19 ,2 2 ) . 
A l l  t h e  s t r a i n s  r e f e r e d  t o  h e r e  c a n  b e  c a t a g o r i z e d  
i n t o  s p e c i f i c  g r o u p s  c a l l e d  s e r o g r o u p s .  T h i s  t yp e  o f  
c la s s i f y ing i s  b a s e d  o n  t h e  c r o s s  r e a c t i o n  o f  c e r t a i n  
s t r a in s  w i t h  a n  a n t i s e rum t o  o n e  s t r a i n . T h e r e  a r e  
n o rma l ly a number o f  s t r a i n s  w i t h i n  e a c h  s e r o g r o u p  t h a t  
s h a r e  t h e  s am e  a n t i g e n i c  p r o p e r t i e s  ( 18 ) . A t e c h n i qu e  
u s ed t o  d e t e rm i n e  t h i s  i s  ·c a l l e d  E L ISA , E n z y m e - L i n k e d  
( 7 )  
I mmu n o s o r b en t  A s s a y  (App e n d i x  1 )  ( 5 , 7 , 1 5 ) . E L I SA i s  a 
w i d e l y  u s e d  t o o l  t o  a s s a y  many a n t i ge n s  f o r  many 
d i f f e r ent f i e ld s  o f  s t u d y  ( 1 8 ) . 
W i t h in t h e  R .  japo n i c u m  group , t h e r e  a r e  s e ve r a l  
d i f f e r e n t  s e r o group s .  T h e  s e r o gr o u p s  mo s t  c o mmo n l y  
s t u d i e d  a r e ;  1 1 0 , 1 23 , 1 2 7 , 1 2 9 , 9 4 , 1 2 2 - 1 2 5 , c l , a n d  c 3  
( 2 , 1 3 , 2 0 ) . I n  t h i s  s t u d y , o n ly s e r o gr o u p s  1 1 0  a n d  1 2 3 
w e r e  s t u d i e d . I t  h a s  b e e n s hown t h a t  me mb e r s  i n  t h e  1 2 3  
s e r o group a r e  mo r e  c o mp e t i t i ve .  O n e  r e a s o n  f o r  t h i s  may 
b e  t ha t  me mb e r s  o f  t h e  1 2 3  s e r o group a r e  w e l l  
e s t a b l i s h e d  i n  mo s t  f i e l d s  i n  t h e  N o r t h  C e n t r a l U n i t e d  
S t a t e s  ( 1 1 , 1 7 , 1 9 , 2 0 ) . T h e s e  s t r a i n s  a r e  t y p i c a l l y n o t  
e f f i c i e n t  n i t r o gen f ix e r s  ( 1 1 , 1 9 ) . I n  t h e  I l l O  
s e r o group , t h e  1 1 0  s t r a i n  h a s  b e en f o u n d  t o  b e  a very 
e f f i c i e n t  n i t r o gen f i x e r , y e t  it i s  n o r ma l l y  o u t  
c o mp e t e d  b y  t h e  i n d i ge n o u s  s t r a i n s  u s u a l l y  i n  t h e  1 2 3  
s e r o group ( 1 9 , 2 2 ) . 
C o n t r o l l in g  t h i s  c o mp e t i t i o n  h a s  b e en a ma j o r  
c o n c e rn f o r  many r e s e a r c h  l a b o ra t o r i e s . O n e  wa y o f  
c on t r o l l in g  c o mp e t i t i o n  i s  t o  u s e  a ma s s i ve i no c u la t i o n  
o f  a d e s i r a b l e  s t ra in . B e c a u s e  t h e r e  i s  a n  o ve r  
a b u n d an c e  o f  t h e  d e s i r a b l e  s t r a i n , i t  s h o u l d  o c c u p y  a 
ma j o r i t y  o f  t h e  n o du l e s . I n  t h e o r y  t h i s  s h o u l d  work , 
b u t  in a c t u a l f i e l d  s t u d i e s  t h e  d e s i r a b l e  s t r a i n  i s  
s t i l l  o u t  c o mp e t e d  b y  t h e  i n d igen o u s  s t r a i n s  ( 1 7 ) .  
Ano t h e r  way o f  c o n t r o l l in g  t he c o mp e t i t i o n  i s  t o  
d e c r e a s e  t h e  i n d igen o u s  p o p u l a t i o n  p r e s e n t  in t h e  s o i l .  
( 8 )  
T h i s  c a n  b e  a c c omp l i s he d  b y  s e ve r a l m e an s . C hem i c a l s  
a r e  t y p i c a l l y  u s e d  t o  c o n t r o l  c r o p  p a t ho ge n s , b u t  t hey 
c a n  c r e a t e  p r o b l em s . One m a j o r  p r o b l em i s  t ha t  p la n t s 
have t he a b i l i t y  t o  u p t a k e  many o f  t he c hemi c a l s  app l i ed 
t o  a fi e ld .  S o m e t i m e s  t he s e  c hem i c a l s  a r e  t ra n s l o c a t e d  
t o  va r i o u s  p a r t s  o f  t he p la n t s t ha t  p eop l e  c o n s ume . 
T hi s  c o u l d  b e  t r a gi c  d e p e n d i n g  u p o n  t he t o x i c i t y  o f  t he 
c hem i c a l  t o  human s .  
A m o r e  l o gi c a l  a n d  s afer a p p r o a c h  in r e du c i n g  t he 
in d i ge n o u s  p o p u l a t i o n  i s  t hr ough t he u s e  o f  
b a c t e r i o p ha ge . T he b a c t e r io p ha ge w i l l  o n l y  a t t a c h  a n d  
l y s e  t he s u s c e p t i b l e  b a c t e r i a . I t  w i l l  n o t  ha rm 
a n y t hi n g  e l s e .  A p ha ge a l r e a d y  p r e s e n t  in t he s o i l  c a n  
b e  i s o l a t e d  a n d  mu l t i p l i ed ,  t hen ino c u l a t e d  b a c k  i n t o  
t he s o i l  t o  i n fe c t  a n d  l y s e  t he unwan t e d  s t r a i n s  o f  
ba c t e r i a . T h i s  i s  t he m e t ho d  s t u d i e d  i n  t hi s  p a p e r . 
T he m e t ho d  i s  n o t  a s im p l e  o n e . T he r e  a r e  many 
t hi n gs t o  c o n s i d e r  in o r d e r  t o  b e  a b l e  to u s e  a v i r u s  in 
c on t r o l l i n g  c o mp e t i t i o n . F i r s t , a gen e r a l p ha ge t ha t  
i n fe c t s  a n d  l y s e s  s e ve r a l s t ra i n s  o f  a s e r o group i s  
n e e d e d . O n c e  t hi s  p ha ge i s  i s o l a t e d ,  i t  w i l l  have t o  b e  
t e s t e d  fo r s e r o group s p e c i fi c i t y ,  a n d  a l s o  t e s t e d t o  
m a k e  c e r t a i n  i t  d o e s  n o t  l y s e  t he d e s i r e d  s t r a i n ( s ) . 
Some r e s e a r c h  has b e en d o n e  in t hi s  a r e a , b u t  fu r t he r  
t e s t in g  w i l l  b e  n e c e s s a r y  t o  d e t e r m i n e  how w e l l  i t  w i l l  
w o rk in t he f i e l d  ( 2 0 ) . A l s o , i t  m a y  b e  n e c e s s a r y  t o  
i s o l a t e  a d i ffe r e n t  p ha ge from e a c h  a r e a  s in c e  t he r e  i s  
( 9 )  
variat ion a mong t h e  p r e d omin a n t  s t r a in s .  N e x t , t h e  
p h a g e  c o n c e n t r a t ion r e qu ir e d  t o  kil l mo s t  o f  t h e  
ind ig e n o u s  s t r a in s  o f  b a c t e r ia w i l l  n e e d  t o  b e  
d e t e rmin e d . Sin c e  t h e  a mount o f  in d ig e n o u s  b a c t e r ia 
wil l va r y ,  s o  wil l t h e  a mo u n t  o f  p h a g e  n e e d e d  t o  c o n t r o l 
t h e m .  Studies n e e d  t o  b e  d o n e  t o  d e t e r mine t h e  b e s t  
t ime f o r  ino c u l a t io n . T h e r e  h a ve b e en t ime d e la y e d  
e x p e r ime n t s  s e t  u p  s t r ic t l y f o r  c o mp e t it ion . I n  c e r t a in 
t e s t s ,  it h a s  b e en s hown t h a t  t h e  c r it ic a l  t ime f o r  
ino c u l a t io n  is b e t w e e n  2 a n d  2 4  h o u r s . T h is is h o w  l o n g  
t h e  p l a n t  n e e d s  t o  b e  p r e - e x p o s e d  t o  a c e r t a in s t r a in ,  
t o  a l l o w  t h is s t r a in t o  b e  mo r e  c o mp e t it ive ( 10 , 11 , 23 ) .  
T ime d e la y e d  s t u d ie s  c a n  b e  s e t  up in t h e  s a me w a y  f o r  
c o mp e t it io n  in vo l ving t h e  p h a g e  a s  a c o n t r o l ling 
me c ha n is m .  T h e  p h a g e  c a n  b e  ino c u la t e d  in t o  t h e  s o il a t  
s p e c if ic in t er va l s  b e f o r e  a n d  d u r ing t h e  ino c u l a t io n  o f  
a d e s ir a b l e  s t r a in .  A l s o , t h e r e  is a lwa y s  t h e  
p o s s ib i l it y  t ha t  t h e  p h a g e  may n o t  b e  e f f e c t ive a t  
c on t r o l ling t h e  c o mp e t it io n  u n d e r  f ie l d  c o n d it io n s . 
T he g o a l s  o f  t h is t h e s is w e r e :  ( 1 ) T o  d e t e rmine 
t h e  s h e l f  l i f e  o f  t h e  b a c t e r io p h a g e .  ( 2 )  Find t h e  b e s t  
w a y  t o  s t o r e  it , enrich it , a n d  mu l t ip l y  it . ( 3 )  T e s t  
t h e  s p e c if ic it y  o f  t h e  p h a g e  f o r  t h e  123 s e r o g roup . ( 4) 
Set up e x p e r iment s t o  d e t e rmine w h e t h e r o r  n o t  t h e  p h a g e  
wil l h a ve a n y  e f f e c t  o n  c o mp e t it io n . 
( 10 )  
EXP ERIMENTAL 
M i c ro o r ga n i s m s  a nd Med ia 
T h e  s tr a ins o f  b a c ter ia u s e d  w e r e ;  6 1A l 23 , USDA l l O ,  
a nd 6 1A13 5 .  T h e s e  a r e  a l l  s tr a i ns o f  R h i z o b ium 
japo ni c u m . T h e  6 1A l 2 3  is r e s i s ta nt to a f i na l 
c o nc e ntr a t i o n  o f  S OOug/ml o f  s p e c tinomyc i n .  T h e  s ou r c e  
f o r  6 1A l 2 3  wa s W o lf g a ng D .  B a u e r , C ha r l e s  K e tte r i ng 
R e s e a r c h  Ins titute i n  Ye l low S p r i ng s , Oh i o . USDA l l O  i s  
r e s i s tant to S u g /m l  o f  a z i d e ,  SOOug/ml o f  r i f amp e c i n  
a nd l OOug/ml o f  s tr e p t i nomy c i n .  T h i s  s tr a i n  w a s  a l s o  
o b ta i ned f r o m  Dr . B a u e r .  S tr a i n  6 1A13 5 w a s  o b ta ined 
f r o m  J o e  B u r to n  o f  the N i tr a g i n  Company i n  M i lwauk e e ,  
W i s c ons i n .  
T h e r e  w e r e  f o u r  d i f f e r e nt m e d i a  u s e d  d u r i ng the 
c ou r s e  o f  th i s  r e s e a r c h .  T h e y  w e r e  Yea s t  E x tra c t­
Manni to l ( YEM) m e d i u m ,  M i nima l S a l t  ( M S ) m e d ium 
( A p p e n d i x  2 ) ,  C o nc e ntra ted T r yp tone ( C T ) m e d ium , a nd 
Mod i f i e d  Fa h r e u s  ( N - f r e e )  m e d ium ( A p p e nd i x  3 ) .  T h e  
thr e e  b a c te r i a l  s tr a ins w e r e  m a inta i ne d  o n  YEM s la nt s .  
W h e n  a b r o th c u l tu r e  w a s  ne e d e d , o ne s l ant w a s  
trans f e r e d  to 40m l  o f  YEM a nd a l lo w e d  to s h a k e  f o r  two 
d a y s . T h e n  2m l o f  th i s  c u l tu r e  w e r e  tra ns f e r e d  to a 
f r e s h  f la s k w i th 40ml o f  YEM and a g a i n  p la c e d  o n  the 
s ha k e r . T w o - d a y  o ld c u l tu r e s  w e r e  a lw a y s  u s e d  f o r  the 
e x p e r im e nts . T h e  M i nima l ·S a lt m e d ium a nd the 
( 11) 
C o n c en tr a ted T r y p to n e  medium were u s ed f o r  p h a g e  
en r i c hment a n d  s to r a g e .  
P h a ge I s o la t i o n  a n d  E n r i c hment 
T h e  p h a g e  ( P l 3 5p l )  u s ed in th i s  w o r k  were i s o l a ted 
f r o m  a lo c a l  s o y b ea n  f i eld b y  o n e  o f  Dr . C a r l s o n ' s  
f o rmer g r a d u a te s tu d ents , B r a i n  H a n ley . H e  c o l lec ted 
the s o i l  f r o m  a f i eld wher e the s o y b ea n s  h a d  a lr ea d y  
b een p la n ted . T h en the s o i l  w a s  p la c ed i n  l OOm l o f  a 
two - d a y  o ld c u l tu r e  o f  R .  japo n i c um 13 5 .  T h i s  w a s  
p la c ed o n  the shaker o v er n i g h t .  T h e  b a c ter ia and s o i l  
were then c en tr i fu g ed f o r  3 0  m i n u tes a t  9 , 0 0 0rpms . T h e  
s u p er n a ta n t  w a s  f i ltered thr o u g h  a 0 . 45um f i lter a n d  the 
f i ltrate w a s  then a d d ed to l OOm l o f  a f r e s h  two -da y  o l d 
c u l tu r e  o f  R .  japo n i cum 13 5 .  T h i s  wa s p l a c ed on the 
s h a k er f o r  o n e  o r  two d a y s . T h e  s o l u t i o n  w a s  
c entr i f u g ed ,  f i ltered , tr a n s f er ed a n d  i n c u b a ted three 
m o r e  times . T h e  f in a l s o lution wa s then a d d ed to 5 0 0 m l  
o f  M S  m e d i u m  a n d  p la c ed b a c k  o n  the s h a k er f o r  f o u r  
d a y s . T h e  s o lu tion w a s  c en tr i f u g ed f o r  2 0  m i n u tes a t  
9,000rpm s . T h e  s u p er n a ta n t  w a s  c o n c en tr a ted o n  the 
r o to - ev a p o r a to r  to a p p r o x imately 5 0 m l . T h e  c o n c entra ted 
p h a g e  s o lu tion w a s  d i a l y zed o v er n i g h t  in d e i o n i zed wa ter 
a n d  f i l ter s ter i l i zed th r o u g h  a 0 . 2um f i lter . A p h a g e  
ti ter w a s  then s et u p  to s ee h o w  m a n y  v i a b l e  p h a g e  wer e 
p r es en t .  O n l y  O . lm l  o f  the p h a g e  s o l u ti o n  w a s  needed to 
m a k e  f o u r  s u c c es s i v e  l OOx d i l u t i on s . E a c h  d i lution tube 
( 12 )  
c on ta in e d  9 . 9m l  o f  YEM .  From e a c h  o f  the f o u r  d i l u t i o n  
tub e s , 1 . 0m l  w a s  taken a n d  a d d e d  w i th 1 . 0m l  o f  a 
b a c te r i a  s o l u ti o n  to 10 . 0 m l  o f  YEM 0 . 5 % ag a r ,  a n d  a l s o  
f r o m  e a c h  d i lution tube O . l m l  wa s taken a n d  a d d e d  w i th 
1 . 0m l  o f  the b a c te r i a  s o lution to 10 . 0m l  o f  YEM 0 . 5 %  
a g a r . S o  e a c h  n e w  tub e  c o n ta i n e d  10 . 0 m l  o f  YEM 0 . 5 %  
a g a r , 1 . 0m l  o f  a two-d a y  o l d b a c te r i a  s o lution a n d  a 
c e rta in d i lution o f  p ha g e . T h e  r e s u l ting p h a g e  
d i l u ti o n s  w e r e  f r o m  10 2 to 10 9 . E a c h  o f  th e s e  w e r e  
then p o u r e d  onto a s o l i d i f i e d  b o ttom l a y e r  o f  YEM 1 . 5 % 
a g a r  a n d  a l l o w e d  to c o o l .  T h e  p la te s  w e r e  p l a c e d  in a n  
i n c u b a to r  s e t  f o r  3 7C . A f te r  2 4  hou r s , the p l a te s  w e r e  
w r a p p e d  w i th p a ra f i l m and p u t  b a c k  in the i n c u b a to r . 
Onc e the p la qu e s  w e r e  a p p a r e n t ,  th e i r  mor p h o l o g i e s  w e r e  
s tu d i e d  a n d  r e c o r d e d . A l s o  th e y  w e r e  tite r e d  to s e e  how 
many PFU ( P l a qu e  Fo rming U n i ts ) /m l  w e r e  p r e s e n t .  
I f  the r e s u lting p h a g e  t i te r  w a s  too low , then the 
p h a g e  had to b e  e n r i c h e d . Fi r s t  20m l o f  the p h a g e  
s o l u ti o n  w a s  a d d e d  to l OOm l o f  a 2 - d a y  o l d c lu tu r e  o f  R .  
japo n i cum 13 5 a n d  put o n  the s h a k e r  o v e r n i g h t .  Then the 
m ix tu r e  w a s  a d d e d  to 5 0 0 m l  o f  MS m e d ium a n d  wa s a l lo w e d  
to s ha k e  f o r  4 d a y s . W h e n  the s o l u t i o n  l o o k e d  f a i r l y  
c l e a r ,  i t  w a s  c entr i f u g e d  o n  the S o r v a l l  GSA l a r g e  r o to r  
s e t  a t  9 , 0 0 0 r p m s  f o r  2 0  m i n u te s .  T h e  s u p e r n a ta n t  wa s 
c o n c entr a ted b y  e v a p o r a tion o n  the r o to -e v a p o r a to r  to 
a r o u n d  5 0m l . T h e  p h a g e  s o lution w a s  d i a l y z e d  o v e r n ig h t  
a g a i n s t  d e i o n i z e d  w a te r  u s i ng the l a r g e  d i a l y s i s  tubing . 
( 13 )  
The d ia l y z ed s o lu t i o n  w a s  s t e r i l i z e d  t hr o u g h  a f i l t er 
w i t h  a p o r e  s i z e  o f  0 . 2um . 
T h i s  e n r i c hm e n t  p r o c e d u r e  w a s  a l s o  u s e d  f o r  p ha g e  
p u r i f i c a t io n . I f  t he r e  w a s  m o r e  t ha n  o n e  t y p e  o f  p la qu e  
p r e s en t  o n  t he p l a t e s  t hen t he y  had t o  b e  p u r i f i e d . A 
s in g l e  p l a qu e  wa s p i c k e d  o f f  t he p l a t e  b y  u s ing a 
s t e r i l e 8 - i n c h  l e n g t h  o f  t hi n  wa lled g la s s  t u b ing 
( P a s t eu r  p i p e t t e ) .  T he p lu g  was t hen b l own out i n t o  a 
2 - d a y  o ld c u l t u r e  o f  R .  japo n i cum 13 5 .  T hi s  wa s p la c e d  
o n  t he s ha k e r  o v e r n i g ht ( 1 4 ) . T hen t he s o lu t i o n  w a s  
enr i c he d  b y  a d d ing i t  t o  SOOml o f  M S  a n d  c o n t i n u i n g  t he 
p ro c e du r e  d e s c r i b e d  a bov e .  
T o  s t o r e  t he p ha g e  a f t e r  e n r i c hm e n t , S . Om l  o f  t he 
CT m e d ium a n d  O . Sm l  o f  c hl o r o f o rm w e r e  a d d e d  t o  t he 
s t e r i l e p ha g e  s o lu t io n  and i t  w a s  p la c e d  in t he c o l d 
r o o m  4C . I f  t he p ha g e  w e r e  n e e d e d  f o r  a t i t e r  o r  f o r  
en r i c hing a f t e r  t he y  hav e  b e en s t o r e d  i n  t hi s  s o lu t i o n ,  
t he y  w e r e  f i l t e r  s t e r i l i z e d  t hr o u g h  a 0 . 2um f i l t e r . 
Ant i s e r a  D e ve l o pm e n t  
T he t wo a n t i s e r a  us e d  d u r ing t h i s  r e s e a r c h  w e r e  R .  
japo n i cum 123 a n t i s e r um and R. japo n i c um 110 a n t i s e rum . 
B o t h  o f  t he s e  w e r e  d e v e l o p e d  and c o l l e c t e d  b y  D r . 
Ca r l s o n  a n d  B r i a n  H a n l e y . R .  japon i c u m  110 a n d  R .  
japo n i c um 123 w e r e  t he b a c t e r i a  u s e d  in t he a n t i s e r a  
d e v e l o p m e n t . E a c h  s t r a i n  w a s  g r own in YEM a t  2 5 C  a n d  
w a s  a e r i a t e d  w i t h  f i l t e r  s t e r i l i z e d  a i r . A t  t he t im e  o f  
( 14 )  
h a r ves t the b a c ter i a  w er e  a t  a n  ea r l y s ta ti o n a ry p h a s e .  
T h e  b a c ter i a  w er e  p e l l eted b y  c en tr i f ug ing f o r  1 5  
m i n u tes a t  1 2 .0 00xg . T h e  s u p er n a ta n t  w a s  p o u r ed o f f . 
E a c h  p e l l et w a s  then r e s u s p en d ed in s ter i l e  P B S . Enough 
P B S  was  a d d ed to make the s u s p en s i o n  an a p p r o x imate O . D .  
o f  1 . 0 a t  6 2 0nm . Two New Zea l a n d  wh i te r a b b i ts were 
u s ed f o r  the p r o du c ti o n  o f  the R.i. 1 1 0  a n d  1 2 3 
a n tib o d i es . T h e  r a b b i ts wer e i n j ec ted intr a ven ou s l y i n  
the m a rg in a l ear vein w i th the b a c ter i a l s u s p en s i o n s . 
O n  d a y  o n e  ea c h  r a b b i t  w a s  i n j ec ted w i th 0 . 5m l  o f  the 
a p p r o p r i a te s u s p en s io n .  on d a y  two w i th l.Om l .  d a y  3 
w i th l . 5m l .  d a y  7 w i th l . Sm l .  d a y  8 w i th 2 . 0m l .  d a y  9 
w i th 2 . 0m l . and d a y  2 1  w i th 2 . 0m l .  O n  the 2 8 th d a y  the 
r a b b its wer e b l ed b y  c a r d i a c  pun c tu r e  w i th the help o f  
Dr . A n d r ew s . T h e  b lo o d  w a s  c o l l ec ted i n  s ter i l e tes t 
tubes a n d  wa s a l lowed to c lo t  f o r  2 h o u r s  a t  r o o m  
temp era tu r e .  A f ter tha t  i t  w a s  p la c ed i n  the c o l d r o o m  
o vern i g h t .  T h e  s erum w a s  r emo ved a n d  c en tr i fu g ed a t  
s.OOOrpms f o r  1 0  m in u tes . T h e  s erum w a s  p u t  i n to sma l l  
via l s  a n d  s to r ed in the f r eezer a t  2 0 C  ( 3 ) . 
T h e  R. japo n icum 1 1 0  a n t i s erum c r o s s  r ea c ted w i th 
R. japo n i cum 1 23 b a c ter i a . The r ea s o n  for th i s  c r o s s  
r ea c ti o n  wa s n o t  u n d er s to o d . O n e  p o s s ib l e  r ea s o n  m i g h t  
b e  the b a c ter ia wer e n o t  heat treated a n d  that c o u l d  
a c c o u n t  f o r  the n o n - s p ec i f i c  b in d ing . I t  i s  p o s s ib l e  
the two b a c ter i a  u s ed i n  the p r o d u c ti o n  o f  the a n ti s er a  
m a y  h a ve s im i lar p r o teins ·in their o u ter m emb r a n es . 
( 1 5 )  
When b a cte r i a a r e  h e a t  tr e a te d , m o s t  o f  the p r o te i n s  
a r e  d en a tu r e d .  I f  the p r o te i n s  a r e  d e s tr o yed , th e r e  
w o u l d  be n o  antib o d i e s  p r o duced i n  r e s p o n s e  to th em . 
T h e n  o n l y  a n ti b o d i e s  to the l i p o p o l y s a cch a r i d e s  
w o u l d  b e  p ro duced a n d  th e s e  a r e  v e r y  s tr a in s p e ci f i c .  
B e cau s e  o f  th i s  cr o s s  r e acti o n , the n o n - s p e c i f i c  
a n t ib o d i e s  in the R . i .  110 a n ti s e rum h a d  to b e  a b s o rbed 
w i th R .  japo n i cum 123 ba cte r i a . To be gin th i s  
p r ocedu r e , 4 5 0 m l  o f  YEM wa s i n o cu l a te d  w i th o n e  s la n t  o f  
R .  japon icum 123 a n d  p u t  o n  the s h a k e r  f o r  two d a ys . 
T h e  s o l u ti o n  wa s centri f u ged a t  9 , 0 0 0 r p m s  f o r  3 0  
m i n u te s .  T h e  s u p e r n a ta n t  w a s  d i s ca r d e d  a n d  the p e l l e t  
w a s  w a s h e d  w i th 0 . 8 5 %  s a l i n e  s o l u ti o n  a n d  centr i f u ged 
a ga in f o r  3 0  m i n u te s  at 9 , 0 0 0 r p m s .  The s u p e r n a ta n t  w a s  
d i s ca r d e d  a n d  the p e l l e t  wa s m i x e d  w i th 3 . 0ml o f  R .  
japo n icum 110 a n ti s e rum . T h i s  w a s  a l lowed to incubate 
a t  3 7 C  f o r  th r e e  hou r s .  A f te r wa r d s  i t  w a s  centr i f u ge d  
in the m i cr o centr i f u ge f o r  3 0  m i n u te s  a t  15 , 0 0 0 r p m s . 
T h e  a d s o rbed a n ti s e rum w a s  r emo v e d , p la c e d  i n to v i a l s  
a n d  s to r e d  i n  the f r e e z e r . 
EL I S A  Test 
In o r d er to te s t  the a d s o r b e d  110 a n t i s e r um a n  
ELISA h a d  to be s e t  up . ELI SA i s  a m e th o d  in w h i ch 
c e r ta i n  a n t i bo d i e s  can be l i n k e d  w i th s p e c i f i c  p r o te i n s  
thr o u gh a s e r i e s  o f  s te p s .  I n  th i s  r e s e a r ch ,  the E L I SA 
wa s u s e d  in d e te rm i n i n g  the op tima l d i l u ti o n  o f  a n ti s e ra 
( 16 )  
to u s e  in o r d e r  to d e t e c t  a c er ta i n  s tr a i n  o f  b a c te r ia . 
A f ter d e te r m i n i n g  th i s ,  the d i lu te d  a n ti s e ra c o u l d  then 
b e  u s e d  in the c om p e ti ti v e  s tu d i e s  to d e t e c t  w h i c h  
b a c te r i a w e r e  p r e s e n t  i n  e a c h  n o d u l e  te s ted . 
T h e  d e ta i l e d  p r o c e d u r e  f o r  the E L I S A  i s  o u t l i n e d  in 
A p p en d i x  I. M i c r o ti te r  w e l l s  were c oa te d  w i th the 
b a c te r i a . The w e l l s w e r e  then r i n s e d  a n d  a s p e c i f i c  
d i lu tion o f  a n ti s e rum wa s a d d e d  to e a c h  we l l .  T h i s  w a s  
a l l o w e d  to r e a c t  f o r  a c e r ta i n  p e r i o d  o f  time , then i t  
w a s  r i n s e d  o u t .  I f  th e r e  w a s  n o  r e a c ti o n  b e tw e e n  the 
b a c te r i a  a n d  a n t i s e r um , then a l l  the a n t i bo d i e s  w o u l d  b e  
r i n s e d  a wa y .  N e x t ,  a d i l u te g o a t-anti r a b b i t  a lka l in e  
p h o s p h a ta s e  c o n j u g a te w a s  a d d e d  to e a c h  w e l l .  T h i s  
b in d s  to the r a b b i t  a n ti b o d i e s  i f  th e y  a r e  p r e s e n t .  T h e  
u n b o u n d  antib o d i e s  w e r e  r i n s e d  o u t .  S igma 1 0 4  
p h o s p h a ta s e  s u b tr a te (in a s u b s tr a te b u f f e r ) w a s  a d d e d  
to e a c h  w e l l .  T h i s  in turn r e a c ts w i th the a lk a l i n e  
p h o s p ha ta s e - g o a t  c o n ju g a te to f o rm a y e l lo w  c o l o r . T h i s  
r e a c ti o n  w a s  s to p p e d  a f te r  a c e rta in p e r i o d  o f  time b y  
a d d ing 3 M  N a O R .  T h e  amount o f  c o lo r  w a s  m e a s u r e d  f o r  
a b s o r b a n c e  a t  4 0 5 nm . T h i s  v a lu e  r e p r e s ente d  the 
amount o f  s p e c i f i c  b in d ing b e tw e e n  the a n t i s e r um a n d  the 
b a c ter i a . T h e  h i g h e r  the v a l u e , the g r e a te r  the amount 
of a n ti b o d i e s  bound to the b a c te r i a (7 ) .  
T h e  E L I S A  wa s a v e r y  v a lu a b l e  to o l  in d e t�rm i n i n g  
the c om p e t i tiv e n e s s  o f  e a c h  s tr a i n  u s e d  f o r  th i s  
r e s e a r c h . T h e  E L I SA p ro c e du r e  in App e n d i x 1 w a s  u s e d 
(1 7 )  
f o r  the c omp e ti ti v e  s tu d i e s  w i th a f e w  a d d i ti o ns . 
Fi r s t ,  the p r ep a r a t i o n  o f  the no du l e s  d i f f e r e d  s l i ghtly 
f r o m  the p r ep a r a t i o n  o f  ba c ter i a . T hr e e  w e e k s  a f ter the 
s o ybean p la nts w e r e  i no c u lated w i th the 1 1 0 ,  1 2 3 a nd 1 3 5  
s tr a i ns o f  R. japo n i c u m , the no du l e s  c o u l d  be ha r v e s te d . 
Be f o r e  the no d u l e s  w e r e  ha r v e s te d , the r oo ts w e r e  r i ns e d  
s e v e r a l tim e s  i n  d e i o n i z e d  wate r  to r em o v e  a ny e x t e r na l  
b a c te r i a . T he n  twenty l a r ge nodu l e s  w e r e  p i c k e d  o f f  the 
r o o ts and e a c h  wa s p l a c e d  i n  a sma l l  te s t  tube . I t  w a s  
d e c i d e d  tha t twenty w a s  a go o d  r e p r e s e nta tive numb e r  to 
te s t  o n  e a c h  p l a nt .  E a c h  no d u l e  wa s c r u s he d  i n  0 . 5 m l  o f  
0 . 8 5 %  NaC l and then b o i l e d  i n  a w a ter bath ( l OOC ) f o r  15 
m i nute s . A f te r  c o o l i ng ,  0 . 5m l  o f  c o a ting bu f f e r  wa s 
a d d e d  to e a c h  te s t  tube . T he no d u l e  s o l u t i o n  w a s  m i x e d  
a nd l OOu l  o f  e a c h  s o l u t i o n  w a s  a d d e d  to e a c h  m i c rotiter 
w e l l .  Dup l i c a te p l a t e s  were s e t  up , so  e a c h  no d u l e  
c o u l d  b e  te s te d  w i th the two d i f f e r ent anti s e r a . A f te r  
running thr o u gh the E L I SA s tep s ,  the no du l e s  w e r e  s c o r e d  
f o r  hav i ng e i ther R. japo nicum 110 , R. japo n i c um 1 2 3 ,  R. 
japo nicum 1 3 5 ,  or a c om b i na t i o n .  
C o m pe ti t i o n  P r o c e d u r e  
T he r e  w e r e  s e v e r a l p r o bl e m s  i n  s e tting u p  the 
i n i ti a l  c omp e ti ti v e  s tu d i e s . Fi r s t ,  the l e v e l  o f  
c omp e ti ti o n  b e tw e e n  R. japo n i cum 1 23 a nd R. japo ni c um 
1 1 0  u nd e r  l a b o r a to r y  c o n d i ti o ns had to b e  d e te r m i ne d . 
T he n  the s tud i e s  c o u l d  b e  ·s e t  up u s ing the p ha ge . T he 
( 1 8 ) 
f i r s t  c om p etition s tud y w a s  s et up us ing p er l i te a s  the 
g r owth m ed i um .  T h e  p l a n ts w er e  wa tered w i th d ei o n i z ed 
wa ter a n d  they were i n o c u l a ted w i th either R.i. 110 , 123 
o r  b o th at an a p p r o x imate O . D .  o f  1 . 0  at 6 2 0nm . A f ter 
three week s ,  the p l a n ts were d ug up a n d  there were n o  
n o d u l es . I n  the s ec o n d  exp er i m en t ,  b o th p er l i te a n d  
s o i l  were used a s  a g r o w i n g  med i um a n d  a g a i n  the 
s o y b ea n s  wer e watered w i th d e i o n i z ed wa ter . T h e s e  
p la n ts w er e  a l s o  ino c u l a ted w i th the b a c ter i a . T h e  
p la n ts in the s o i l  d i d  n o t  s urvive. A f ter f o ur weeks o f  
g r owth , the p la n ts in the p er l ite s ti l l  d i d  n o t  h a v e  
n o d u l es . 
I t  wa s d ec i d ed a d i f f er en t  m ea n s  o f  g r o w i n g  the 
s o y b ea n s  f o r  n o d u l es d ev elopmen t  w a s  needed . A f ter 
resea r c h i n g  d i f f erent types o f  g r o w i n g  a p p a r a tus i t  w a s  
c on c l ud ed tha t  Leo n a r d  j a r s  ( Fi g . 1 )  w o u l d  b e  used f o r  
g r o w i n g  the s o y b ea n s .  T h e  L eo n a r d  jar i s  a s e l f  
w a ter ing g r owth a p p a r a tus where c erta in g r owth a n d  
w a ter ing m ed ia c a n  b e  used a n d  c o n tr o l l ed .  T h e  L eo n a r d  
j a r s  wer e p r ep a r ed b y  i n v erting a 700ml d a rk b eer b o tt l e  
w i th the b o ttom c ut o f f  i n to a l i ter m a s o n  j a r . A 12mm 
twi s ted n y l o n  r o p e  tha t  w a s  5 5 cm l o n g  wa s u s ed f o r  a 
w i c k . I t  exten d ed f r o m  the c ut ed g e  o f  the b eer b o tt l e  
down thr o ug h  the n ec k  a n d  into the m a s o n  j a r . Some 
c o tton was us ed to s ec ur e  the w i c k  at the n ec k . T h en 
s a n d  wa s p a cked into the beer b o tt l e  a r o un d  the w i c k  to 
a b o ut a n  i n c h  f r om the c ut o f f  p o r ti o n . A b o ut 2 0 0 m l  o f  
(19) 
N - f r ee med ia w a s  p o u r ed o v er t h e  s a n d  t o  s a t u r a t e  t h e  
s a n d  a nd t h e  w i c k . A f t er t h e  ex c es s  d r a i n ed into t h e  
m a s o n  j a r , i t  w a s  f i l l ed u p  w i t h  8 0 0 m l  o f  t h e  N - f r ee 
m ed i a . T h e  who l e  a s s emb l y  w a s  w r a p p ed w i t h  a l uminum 
f o i l  a nd a u t o c l a ved for 2 h o u r s  a t  121C and l Sp s i  ( 2 1) . 
Onc e t h e  L eo n a r d  ja r s  wer e p r ep a r ed , t h e  s o y b eans 
were g ermin a t ed and t h e  c om p et i t i o n  exp er i m en t s  were s et 
up . A p p r o x ima t el y  5 0  s o y b ea ns wer e s u r f a c e  s t er i l i z ed 
in a 2 0 %  b l ea c h  s o lu t i o n  f o r  10 m i nu t es w i t h  s w i r l ing 
ever y 3 m i n u t es . They wer e r i n s ed t h o r o u g h l y  s ev er a l  
t imes i n  d e i o n i zed wa t er . T h en f ive s eed s ea c h  were 
p la c ed on 1 . 5% a g a r  p l a t es a n d  a l lowed t o  germ i na t e  i n  
a n  i n c u b a t o r  s et a t  3 7 C .  T h r ee p r e-germ ina t ed s eed s 
wer e p la nt ed in ea c h  L eo na r d  j a r . T h e  L eo n a r d  j a r s  wer e 
p u t  i n  a g r o w t h  c hamber s et a t  2 5C i n  t h e  d a y  a nd 21C a t  
n ig h t . T h e  l i g h t  i n t en s i t y  w a s  l SOOf t -c f r o m  6 : 00am t o  
l O : OOpm a n d  t h en t h ey w er e  o f f  f o r  8 h ou r s . A 
hum i d i f i er w a s  k ep t  f u l l  a l l  t h e  t ime a n d  wa s s et t o  
t u r n  o n  a n d  o f f  o n  a l t er n a t i ng h o u r s .  
I n  t h e  f i r s t  c om p et i t i v e  exper iment u s ing t h e  
Leona r d  j a r s ,  e l even d a y  o l d s eed l i ng s  w er e  i no c u l a t ed 
w i t h  t h e  R .  iapo n i cum s t r a i ns . The p la n t s in one j a r  
were i n o c u l a t ed w i t h  2 . 0ml o f  R . i .  110 ea c h .  I n  a n o t h er 
ja r ,  t h e  p la nt s  were i no c u l a t ed w i t h  2 . 0ml o f  R . i. 123 
eac h .  I n  s t i l l  anot her j a r , t h e  p l a nt s  were i no c u l a t ed 
w i t h  l . Om l o f  R . i. 110 a n d  1 . 0  m l  o f  R . i .  1 23 ea c h .  F o r  
t h e  l a s t  j a r  t h e  p l an t s  were i no c u l a t ed w i t h  l . Om l  o f  
( 2 0 )  
R-i· 110 a n d  1. 0m l o f  R . i .  13 5 ea c h . One j a r  wa s left 
u n i n o c u l a ted as  a c o n tr o l . T h e  O . D . s  at 6 2 0nm f o r  the 
bacter i n  were 0 . 5 9 6(R . i .  110 ) , 0 . 60 7 (R . i .  123 ) ,  and 
0 . 53 7 (R . i .  13 5 ) . 
T h e  s econd experiment w a s  s et up w i th b a cter ia and 
p h a g e .  T h i s  time the s eed l i n g s  were s ev en d a ys o l d at 
the time o f  i no c u l a ti o n . I n  one jar the p l ants were 
inocu la ted w i th 1 . 0m l  of R . i .  110 each a n d  in a n o th er 
the p la n ts wer e i n o c u l a ted w i th l . Oml o f  R . i .  123 ea c h .  
I n  the n ex t  two j a rs , p l a n ts o f  o n e  w er e  i n o c u l a ted w i th 
1 . 0m l  o f  R . i .  110 a n d  l . Om l  o f  R . i . 123 a n d  in the o ther , 
the p l a n ts w er e  i n o c u l a ted w i th l . Om l  o f  R . i .  110 , 1 . 0m l  
o f  R . i .  123 a n d  l . Om l  o f  p h a g e  s o lu ti o n . T h e  la s t  two 
j a r s  were s et up in the s a m e  wa y a s  the two p rev i o u s  
j a r s  except R . i .  13 5 w a s  u s ed i n  p la ce o f  R . i .  12 3 .  
Aga in , o n e  j a r  w a s  left u n i n o c u la ted a s  a c o n tr o l .  T h e  
O . D . s  f o r  the b a cter ia a t  6 2 0nm w er e  1 . 0 8 1 (R . i .  110 ) , 
l . 2 8 l (R . i .  123 ) a n d  0 . 8 9 2 (R . i .  13 5 ) . 
T h e  th i r d  exper iment w a s  s et up in the s ame manner 
a s  the s ec o n d  ex p er im en t. T h e  o n l y  d i f f er en ce b etween 
the experiments wa s tha t  the s eed l in g s  were o n l y  three 
d a y s  o l d a t  the time o f  i n o c u l a t i o n  and the amount o f  
tota l b a c ter ia a d d ed to ea c h  p l a n t  w a s  a d j u s ted to a n  
a p p r o x imate O . D . o f  1 . 0  a t  6 2 0nm . T h e  amount o f  p h a g e  
a d d ed to ea c h  p l a n t  w a s  s ti l l  1 . 0m l .  T h e  O . D . s  a t  6 2 0nm 
for ea c h  b a c ter ia wer e 0 . 3 3 0 (R . i .  110 ) , 0 . 40 l (R . i .  123) 
and 0 . 3 44 (R . i .  13 5 ) . 
(21)  
T h e  f o u r t h  e x p e r im e n t  w a s  s e t  up t o  d e t e r m i n e  i f  
t h e  a g e  o f  t h e  p la n t  m a d e  a n y  d i f f e r e n c e  in t h e  
c om p e t i t io n  b e t w e e n  t h e  s t ra i n s . A t  t w o - d a y  i n t e r v a l s , 
a jar o f  p la n t s  w a s  i n o c u l a t e d  w i t h  R . i .  11 0 and R . i .  
123 . A t  t h e  f i r s t  2 - d a y  i n t e r v a l, t h e  s e e d l i n g s  w e r e  
f i v e  d a ys o l d a t  t h e  t im e  o f  i n o c u l a t i o n . The O . D .  f o r  
R . i .  110 wa s 0 . 7 3 9  a n d  f o r  R . i .  123 i t  w a s  0 . 9 7 4 .  
A g a i n  t h e y  w e r e  a d ju s t e d  s o  t h a t  a t o t a l  O . D .  o f  1 . 0  w a s  
a d d e d  t o  e a c h  p la n t . T h e  s ev e n  d a y  o l d s e e d l i n g s  w e r e  
i n o c u la t e d  in t h e  s ame w a y  a s  t h e  f iv e  d a y  o ld o n e s . 
T h e  O . D . s  w e r e  0 . 6 4 0  f o r  R . i .  110 and 0 . 7 17 f o r  R . i .  
123 . The n in e  and e l ev e n  d a y  o l d s e e d l in g s  w e r e  a l s o  
i n o c u l a t e d  i n  t h e  s am e  m a n n e r  a s  t h e  f i v e  d a y  o ld o n e s . 
T h e  O . D . s  f o r  t h e  b a c t e r i a  u s e d  f o r  t h e  n in e  d a y  o l d 
s e e d l in g s  w e r e  0 . 6 4 8  f o r  R . i .  110 a n d  0 . 7 5 0 f o r  R . i .  123 
a n d  f o r  t h e  e l ev e n  d a y  o l d o n e s  t h e  O . D . s w e r e  0 . 4 5 2  f o r  
R . i .  110 a n d  0 . 4 7 9  f o r  R . i .  123 . 
T h e  p r o c e d u r e  u s e d  in s e t t i ng up t h e  f i f t h  
e x p e r iment w a s  t h e  s a m e  a s  t h e  o n e s  u s e d  f o r  t h e  t h i r d  
a n d  f o u r t h  e x p e r imen t s .  To b e g in w i t h ,  two ja r s  w i t h  
f o u r  d a y  o l d s e e d l i n g s  w e r e  i n o c u la t e d  w i t h  R . i .  110 a n d  
R . i .  123 in o n e  jar a n d  R . i .  110 a n d  R . i .  13 5 i n  t h e  
o t h e r  ja r .  Th e O . D . s w e r e  0 . 7 4 l(R . i .  1 1 0 ) , 0�85 7 (R . i .  
12 3 )  a n d  0 . 7 0 9 (R . i .  1 3 5 ) . Then t h e  c omp e t i t i o n  
e x p e r imen t s  w i t h  p h a g e  w e r e  s e t  up w i t h  e l e v en d a y  o l d  
s e e d l in g s  f o l l o w i n g  t h e  t h i r d  e x p e r imen t a l  p r o c e d u r e  
u s ing b a c t e r i a  w i t h  O . D . s  o f  0 . 6 5 9 (R . i .  110 ) , 0 . 7 6 3 (R . i .  
(2 2 )  
123 )  a n d  0 . 6 17 ( R . i .  13 5 ) . O n e  a d d i ti o n  to th i s  wa s that 
the p l a n ts in o n e  L e o n a r d  j a r  w e r e  i n o c u l a te d  w i th a l l  
thr e e  b a c te r i a  to s e e  i f  th e r e  w o u l d  b e  a n y  d i f f e r e n c e s  
in c ompetition . Fina l l y ,  o n e  j a r  w a s  i n o c u l a te d  w i th 
s ta ti o n a r y  c u l tu r e s  o f  R . i .  110 a n d  R . i .  123 in the s am e  
w a y  a s  a l l  the o th e r s .  T h e  O . D . s  f o r  th e s e  w e r e  1 . 148 
for R . i .  110 a n d  1 . 44 0  f o r  R . i .  123 . T h e  s ta ti o n a r y  
c u l tu r e s  w e r e  u s e d  to d e te r m i n e  i f  th e y  wou l d  s ti l l  
n o d u l a te the p l a n t  in the s am e  wa y a s  the a c ti ve l y  
gr o w i n g  c u ltu r e s . 
( 23 )  
RESULTS 
Phage S to r a ge a n d  T iter 
T h e  initia l p h a g e  titer se t up u sing the p h a g e  
solution sto r e d  u n d e r  c h lo r o f o r m  b y  B r a in H a n l e y, sho w e d  
tha t  the p h a g e  w e r e  sti l l  a l iv e . T h e  r e su l ts sho w e d  
7 
th e r e  w e r e  6.0 x 10 PFU/m l .  T h is v a lu e  was too low so 
the p h a g e  w e r e  e n r ic h e d . A f te r  the p h a g e  w e r e  e n r ic h e d , 
the titer in c r eased to 1.0 x 109 PFU/m l .  T h e  e n r i c h e d  
p h a g e  w e r e  tested a t  random tim e s  d u r ing the c ou r se o f  
this r e se a r c h  a n d  the p h a g e  titer h a s  remained c o n stant. 
After e ig h t  m o n ths a p h a g e  titer w a s  set up a n d  the 
r e su lts show th e r e  w e r e  3 . 0  x 109 PFU/m l . T h e  
m o r p h o l o g y  o f  the P l 3 5p l  p la qu e s  c a n  b e  s e e n  in Fig u r e  
2 .  T h e y  a r e  l a r g e  c l e a r  p la qu e s  with a h a l o  su r r o u n ding 
them. D u r in g  the c o u rse o f  setting up the p h a g e  tite r s ,  
it w a s  n o t e d  tha t  two c r itic a l  thin g s  n e e d  to b e  d o n e  in 
o r d e r  to o b ta in a g o o d  p h a g e  tite r .  O n e  is th a t  o n l y  a n  
a c tiv e l y  g r o wing b a c te r ia c u l tu r e  sho u l d  b e  u se d .  T h e  
r e a so n  f o r  this m a y  b e  tha t  o n c e  the b a c te r ia r e a c h  
th e ir l o g  p h a se , the amount o f  c a p su l a r  p o l y sa c c h a r i d e s  
a r e  so g r e a t  t h e  p h a g e  c a n  n o t  a p p r o a c h  t h e  outer 
membrane o f  the c e l l .  The o th e r  c r itic a l  d e ta i l  is tha t  
the p la te s  n e e d  to b e  w r a p p e d  w ith p a r a f ilm . � .  
japo n icum is a slow g r o w e r , th e r e f o r e  the p l ates 
p r o b a b l y  n e e d  to be w r a p p e d  so the m e d ia wil l not d r y  
(24) 
o u t  b e f o r e  the p la qu es a r e  f o rmed . I t  i s  a s sumed s i n c e  
the p h a ge titer s rema i n ed s o  h i gh tha t  the way i n  w h i c h  
they w er e  s to r ed h e l p ed to k eep them v i a b l e .  
Anti s e rum D e velopmen t 
S in c e  the R . i .  110 a n t i s erum r ea c ted w i th R . i .  123 
b a c ter i a  a s  w e l l  a s  w i th R . i .  11 0 b a c ter i a , i t  wa s 
n ec es s a r y  to treat the a n ti s erum w i th R . i .  123 b a c ter i a  
in o r d er to r em o v e  a n tib o d i es c ommon to b o th s tr a i n s  a n d  
to p r o d u c e  a n  a n ti s erum s p ec i f i c  to R . i .  110 . T h e  
d ev elopment o f  the R .  japo n i c um 110 a d s o r b ed a n ti s erum 
w a s  f i r s t  tr i ed w i th s ma l l  amounts o f  R .  japon i c u m  123 
b a c ter i a . T h i s  method d i d  n o t  c omp l ete ly r em o v e  the 
R . i .  123 a n t ib o d i es . S o  i t  wa s d ec i d ed to u s e  l a r ge 
amounts o f  R . i .  123 b a c ter i a . E v en w i th the l a r ge 
b a tc h es o f  b a c ter i a , the a n ti s erum h a d  to b e  a d s o r b ed 
three times . F ig u r e  3 s ho w s  a g r a p h  o f  the c r o s s  
r ea c ti o n  b etween the R .  japo n i cum 110 a n ti s erum and a l l  
three s tr a i n s  o f  R .  japo n icum , 110 , 123 a n d  13 5 .  T h e  
gr a p h s  f o r  ea c h  a d s o rp ti o n  c a n  b e  s een in Figures 4-6 . 
I t  i s  v er y  a p p a r en t  f r om th es e gr a p h s  tha t  the R .  
japo n i c um 110 a d s o r b ed a n ti s erum i s  b ec o m i n g  m o r e  
s p ec i f i c .  T h e  f i n a l a d s o rb ed a n ti s erum u s ed in the 
c ompetitive s tu d i es i s  the o n e  s hown in Figu r e  6 .  
E L I S A  T e s t  
In u s in g  the E L I SA in the c ompeti tive s tu d i es to 
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d ec i d e  which b a c t e r i a  were p r es ent in ea c h  nodu l e ,  i t  
w a s  d et ermined t h r o u g h  t r i a l  a nd er r o r  t h a t  t h e  b es t  
d i lu t i o n  o f  t h e  123 a nt i s erum wa s 1/16 0 0  a nd t h e  b e s t  
d i lu t i o n  o f  t h e  110 a d s o r b ed a nt i s erum w a s  1/40 0 .  S i nc e 
t he no du les wer e s et up i n  dup l i c a t e  m i c r o t i t er p la t es , 
ea c h  s et c o u l d  b e  c omp a r ed t o  s ee i f  a nodu l e  h a d  R. 
japonicum 110 , 123 , 13 5 ,  o r  p o s s ib l y  a c omb i na t i o n  o f  
t wo . E a c h  wel l w a s  s c o red w i t h  a +  ( ye l low c o lo r ) ,  a -
( no c o l o r ) ,  o r +/- ( l i t t l e  c o l o r ) .  T h e  p lu s es and 
m i nu s es were t o t a l ed and a r r a nged into t a b les . 
Compe t i t io n  E x per iment s 
T h e  r es u l t s  f r o m  t h e  f i r s t  exp er im ent c a n  b e  s een 
i n  T a b l e  1 .  T h i s  experiment c l ea r l y  s ho w s  t h e  R. 
japo nicum 123 s t r a i n  i s  m o r e  c om p et i t iv e  t h a n  t h e  110 
s t r a i n .  Yet i n  t h e  s am e  exp er im ent , t h e  110 s t r a i n i s  
c l ea r l y m o r e  c omp et i t iv e  t h a n  t h e  13 5 s t r a i n .  Now t h a t  
t h e  c ompet i t ivenes s o f  ea c h  s t r a i n  h a d  b een t e s t ed ,  t h e  
ef f ec t  o f  p h a g e  o n  c ompet i t i o n  w a s  t es t ed . T h e  r es u l t s  
f r o m  t h i s  exp er iment wer e s omewhat p u z z l ing ( T a b l e  2 ) . 
H er e  t h e  R. ja po nicum 110 s t r a i n  was t h e  m o s t  
c om p et i t iv e  i n  a l l  c a s es e i t h er w i t h  o r  w i t h o u t  p h a g e .  
T h er ef o r e  t h e  a b i l i t y  o f  t h e  p h a g e  t o  c o nt r o l  
c ompet i t i o n  c o u l d  not b e  j u d g ed a d equ a t e l y . The t h i r d  
exper im ent ( T a b l e  3 )  w a s  s et u p  i n  t h e  s am e  ma nner t o  
s ee i f  a m i s t ak e  h a d  b een m a d e .  T h e  r es u l t s  were a lm o s t  
t h e  s a m e .  T h e  110 s t r a i n  ·w a s  s t i l l  t h e  m o s t  c ompet i t i v e  
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i n  a l l  c a s es . I t  d o es a p p ea r  that the p h a g e  d i d  r ed u c e  
the number o f  n o d u les wh i c h  c o n ta i ned R . i .  123 a n d  13 5, 
but the d a ta were not c o n c l u s i v e .  
The f o u r th experiment w a s  s et u p  b ec a u s e  i t  wa s 
tho u g h t  p o s s i b l y the a g e  o f  the p la n t  h a d  s ome in f l u en c e  
on which s tr a in wa s m o r e  c ompeti tiv e .  T h e  d a ta ( T a b l e  
4 )  s how the 110 s tra in b eing m o r e  c ompetitiv e  when the 
p la n ts were ino c u l a ted a t  f iv e  a n d  s ev en d a y s  o l d ,  b u t  
f o r  the p l a n ts i n o c u l a ted a t  nine a n d  e l ev en d a y s  o l d ,  
the 123 s tr a i n  w a s  m o r e  c omp etitiv e .  S o ,  the n ex t  
c ompeti tion experiment w a s  s et u p  when the p l a n ts wer e 
el even d a y s  o l d .  T a b l e  5 s ho w s  the resu lts . T h e  123 
s t r a i n  d i d  c om p ete b etter , b u t  the 110 s tr a i n  w a s  sti l l  
m o r e  c ompetitiv e .  From the d a ta i t  c a n  b e  c o n c l u d ed ,  a t  
lea s t  in this exper imen t ,  th a t  when p h a g e  s p ec i f i c  to 
the R . i . 123 a n d  13 5 s tr a i n s  wer e p r e s en t  the n o d u l es 
c on ta in i n g  th es e s tr a in s  were g r ea tly r edu c ed .  T h e  13 5 
s tr a i n  w a s  n ev er v er y  c om p etitiv e  in a n y  o f  the 
exper im ents . For the o n e  L eo n a r d  j a r  ino c u l a ted w i th 
a l l  three s tr a in s ,  the 123 a n d  13 5 s tr a i n s  tog ether d i d  
o u t  c om p ete the 110 s tr a in . This c o u l d  b e  r es ea r c hed 
f u r ther to s ee if c om p etition i s  enh a n c ed when m o r e  than 
o n e  s tr a in o f  a s er o g r o u p  is p r es en t .  T h e  o n e  j a r  
ino c u l a ted w i th s ta ti o n a r y  b a c ter ia d i d  n o t  a p p ea r  to b e  
a n y  d i f f er en t  f r o m  the j a r s  i n o c u l a ted w i th a c tiv e l y  
g r o w i n g  b a c ter i a . Pi c tu r es were tak en o f  some o f  the 
E L I SA p la tes a n d  a r e  shown - in F ig u r es 7 a n d  8 .  T h e  A l  
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wel l o f  ea c h  p l a te w a s  c o a ted w i th b a c ter i a  f r o m  the 
same no d u l e .  T h e  r ema i ning no d u les tested were 
d u p li c a ted in the s ame way. Then the a p p r o p r i a te 
a nti sera wa s a d d ed to ea c h  p la te i n  o r d er to d eterm i ne 
w h i c h  b a c ter i a  the no d u les c o nta i ned . P late 3 w a s  
trea ted w i th 110 a d s o r b ed anti s erum a nd p l a te 4 w a s  
treated w i th 123 anti s er u m . For the m o s t  p a r t ,  ea c h  
no d u l e  c o nta i ned o n l y  one str a i n  o f  b a c ter i a .  
( 2 8 )  
D I S C U S S I O N  
The way in w h i c h  t h e  p h a g e  w e r e  s t o r e d  w o r k e d  o u t  
c on s i d e ra b l y  we l l .  The t i t e r s  r ema i n e d  c o n s t a n t  
t h r o u g h o u t  t h e  e i g h t  m o n t h s  a f t e r  enr i c h in g  o n l y  o n c e .  
I t  i s  t h o u g h t  t h a t  t h e  m o s t  imp o r t a n t  s t e p  in s t o r ing 
the phage is  t h e  u s e  o f  t h e  c h lo r o f orm . For d e t e r m i n i n g  
t h e  p h a g e  t i t e r s  t h e  c r i t i c a l  s t e p s  a r e  u s in g  a n  
a c t iv e l y  g r o w i n g  ( m i d - l o g )  c u l t u r e  and s e a l ing t h e  
p la t e s  w i t h  p a r a f i lm .  O n e  r e a s o n  a c u l t u r e  in l a g  p ha s e  
c an n o t  b e  u s e d f o r  t h e  t i t e r  m i g h t  b e  t h a t  a s  t h e  
b a c t e r i a  g e t  o ld e r , t h e  c a p s u l e  a r o u n d  e a c h  c e l l  b u i l d s  
up . O n c e  i t  r e a c h e s  a c e r t a i n  t h i c kn e s s ,  i t  m a y  b e  
a lm o s t  impo s s ib l e  f o r  t h e  p h a g e  t o  i n f e c t  a n d  l y s e  t h e  
c e l l .  I t  i s  n o t  r e a l l y known why t h e  p l a t e s  n e e d  t o  b e  
s e a l e d . Two p o s s ib l e exp l a n a t i o n s  c o u l d b e  s i n c e  t h e  R .  
japo n i c u m  a r e  o n l y  f a cu l t a t iv e  a e r o b e s , t h e y  m a y  g r o w  
b e t t e r  u n d e r  a lm o s t  a n a e r o b i c  c o n d i t i o n s  a n d  s in c e  t h e  
b a c t er i a  u s e d a r e  s l ow-g r o w e r s  t h e  p l a t e s  w o u l d  h a v e  a 
t en d e n c y  t o  d r y  o u t . B e t t e r  g r o w t h  o f  t h e  b a c t e r i a  
w o u l d  r e s u l t  i n  m o r e  c e l l s  b e ing l y s e d  b y  t h e  p h a g e  a n d  
t h e r e f o r e  b e t t e r  p la qu e  f o rm a t i o n . 
I n  t h e  d e v e lopment o f  t h e  R .  japo n i c u m  110 s p e c i f i c  
a n t i bo d i e s , i t  w a s  c on c lu d e d  a b s o r b i ng t h e  a n t i s e rum 
w i t h  large amo u n t s of  b a c t e r i a  worked qu i c k e r  and b e t t e r 
t ha n  u s ing sma l l  amoun t s  o f  b a c t e r i a . T h e r e  c o u l d  b e  
s e v e ra l r e a s on s  why t h e  n o n - s p e c i f i c a n t i b o d i e s  w e r e  
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p r es ent. T h e  b a c teria were n o t  heat-tr eated b ef o r e  they 
were u s ed ,  s o  o n e  idea is the living b a c teria m a y  h a v e  
p r o tein a n tigen s s im i l a r  to s om e  o n  the 1 23 b a c teria. 
When the b a c teria a r e  k i l led , these s ites m a y  b ecome 
d i s to r ted and the a n tib o d ies wil l not be f o rmed . 
T h e  c omp etitive s tu d ies d id n o t  w o r k  a s  wel l a s  
expec ted . However , the d a ta o b ta i n ed d o es l ea d  to the 
c on c l u s io n  tha t  the p h a ge c a n  c o n tr o l  inf ec tion b y  
the s u s c ep tib l e  s tr a in s  ( T a b l es 3 and 5 ) . In most o f  
the experiments the R. japo n icum 1 1 0  s tr a in w a s  m o r e  
c omp etitive ( T a b les 2 , 3 , 4  a n d  5 ) . A c c o r d in g  to s om e  
p ap er s , the 123 s t r a in is s up p o s ed to b e  m o r e  
c omp etitive ( 11 , 17 , 19 , 2 0 ) .  T h es e s tu d ies were d o n e  
in n a tive s o il s  though a n d  the exp er iments s et up in 
this p a p er were a l l  in s a n d .  Other a r tic l es h a v e  s hown 
tha t  the 110 s tr a in is a v er y  c omp etitiv e s tr a in ,  b u t  
o n l y in med ia o ther than s o il ( 2 , 10 , 11) . T h is m a y  b e  
p a r t  o f  the r ea s o n  f o r  the 110 being m o r e  c omp etitiv e. 
New s tu d ies c o u l d  b e  s et up in the s am e  w a y  a s  these 
s tu d ies u s in g  n a tive s o il a s  the med ium. T h e  r es u l ts 
m a y  give a b etter v iew a s  to whether the p h a ge r ea l l y 
c a n  c o n tr o l  the c omp etitio n . 
I t  is a l s o  thought the a ge o f  the p la n t  m a y  h a v e  
• 
some in f lu en c e  o n  the c omp etition ( T a b les 1 , 4  a n d  5 ) . 
When the s eed l in g  is v er y  young, its nutr ition is 
obtain ed f r o m  its c o ty l edo n s .  b u t  a s  the p l a n t  gets 
o ld er , the f ir s t  l ea v es emerge a n d  the p la n t  gets i ts 
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nutr i t i o n  f r om p ho to s ynthes i s .  O n c e  the s eed l i n g  s ta r ts 
meta b o l i z i n g  i t  c o u ld p r o d u c e  s ometh ing whi c h  either 
s timu l a tes the 123 s tr a i n to n o d u l a te or i n h i b i ts the 
110 s t r a i n  to n o d u l a te. 
I n  these c omp etitive s tud ies , p a r ti c u l a r ly 
experiment 5 ,  i t  s ho u l d  b e  n o ted that a g o o d  amount o f  
the n o d u les c o n ta i n ed b o th s tr a i n s  o f  b a c ter i a  ( T a b l e  
5 ) .  I t  ha s b een r ep o r ted ea c h  n o d u l e  u s u a l l y  h a s  o n l y  
o n e  s tra i n  o f  b a c ter i a . ( 2 ) . A t  the time the n o d u l es 
were c o l lec ted, a lo t  o f  them were c lumped tog ether . 
I s o la ted n o d u l es wer e s ometimes very s c a r c e ,  s o  the 
c lump s had to b e  p i c k ed a p a r t  i n  s ome c a s es .  I t  is 
p o s s ib l e  what was c o n s i d ered to be a n  i n d i vi d u a l n o d u l e  
w a s  in f a c t  two n o d u l es merged tog ether . T h i s  c o u l d  
a c c o u n t  f o r  m o r e  than o n e  b a c ter i a  b ei n g  f o u n d  i n  a 
s in g l e  n o d u l e .  
O vera l l ,  the p h a g e  p r o ved to b e  w o r th l o o k i n g  i n to 
a s  a p o s s ib l e c o n tr o l  f o r  competition . T h ey were ea s y  
to m a i n ta i n  a n d  a l l  i n d i c a ti o n s  s how that they were 
hea lthy . T h e  next s tep s hou l d  b e  to try w o r k i n g  o n  the 
c ompetition in the n a t i ve s o i l .  
There a r e  s ever a l  p o ten t i a l p r o b lems in u s ing p h a g e  
to c o n tr o l  c om p eti ti o n . O n e  p r o b l em m a y  b e  that the 
c ompetitive s tr a i n s  d i f f er f r o m  f i e l d  to f i e l d .  I f  thi s 
were the c a s e  then d i f f er en t  p ha g e  wo u l d  b e  n eeded f o r  
d i f f er en t  f i el d s . Anoth er p r o b l em m a y  b e  tha t the p ha g e  
i s o la ted a r e  too s tr a i n  s p ec i f i c , ther ef o r e  m o r e  than 
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o n e  t yp e  o f  p h a g e  m a y  be n e c es s a r y  t o  c o n t r o l  t h e  
i n d i g eo u s  s t r a i n s . A c ombin a t i o n  o f  p h a g e  wo u l d  h a v e  t o  
be u s ed .  T h er e  a r e  many p r o b l em s  wh i c h  c o u l d  a r i s e ,  but 
it i s  t ho u g h t  t h i s  mea n s  o f  c o n t r o l l i n g  c ompet i t i o n  i n  
o r d er t o  i n c r ea s e  t h e  c r o p  y i eld i s  t h e  m o s t  benef i c i a l 
a n d  t h e  l ea s t  d et r imen t a l  t o  man . I n  a d d i t i o n , a l l  
t h e s e  p o t en t i a l  p r o blems c a n  be ev alua t ed 
exper imen t a l l y .  
( 3 2 )  
Ta b l e 1: Exp eriment 1 t e s t ing the c om p et i t i v eness o f  R. 
ja po n i c u m  s t ra i ns 110 , 123 , and 13 5 .  
Rh i zo b ium * #no d u l es qo du l es no d u l es no d u l es 
ino c u l a nt t es ted w/110 w/123 w/13 5 
1 10 ( 2 )  
123 ( 2 )  
110/123 ( 3 )  
110/13 5 ( 2 )  
40 
2 5  
5 9  
40 
40 
0 
8 
2 9  
* number o f  p la n t s  t es t ed 
0 0 
2 5  0 
43 0 
0 5 
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nodu l es no d u l es 
w/110 &123 w/110&13 5 
0 0 
0 0 
8 0 
0 6 
Tab le 2 :  E x p e r iment 2 t e s t in g  t h e  c o mp e t i t i v en e s s  o f  R .  
japo n i c um s t ra in s  1 1 0 ,  1 2 3 ,  a n d  1 3 5  w i t h  t h e  u s e  o f  
p ha g e .  
Rh i zo b ium * #no d u l e s  n o d u l e s  n o d u l e s  n o d u l e s  
ino c u l a n t  t e s t e d  w/1 1 0  w/1 23 w/1 3 5  
1 1 0  ( 1 ) 1 0  1 0  0 0 
1 2 3  ( 1 ) 1 0  0 1 0  0 
110/1 23 (2 ) 2 4  2 0  1 0 
1 1 0/123 (2 ) 3 9  3 7  1 0 
&p h a g e  
1 1 0/1 3 5  (2 ) 40 2 1  0 10 
1 1 0 /13 5 ( 3 )  6 0  5 6  0 4 
&p h a g e  
* numb e r  o f  p la n t s  t e s t e d 
(3 4 )  
n o d u l e s  nodu l e s  
w/1 1 0 &1 23 w/110&1 3 5  
0 0 
0 0 
3 0 
1 0 
0 9 
0 0 
Ta b l e  3 :  E x p e r iment 3 t e s t in g  t h e  c omp e t i t iv e n e s s  o f  R .  
japo n i c um s t ra i n s  1 1 0 ,  1 2 3 , and 1 3 5  w i t h  t h e  u s e  o f  
p h a g e .  
Rhizo bium * #no d u l e s  n o d u l e s  n o d u l e s  n o d u l e s  
i n o c u l a n t  t e s t e d  w/1 1 0  w/1 23 w /1 3 5  
1 1 0  (2 ) 4 0  3 9  0 0 
123 (3 ) 6 0  0 6 0  0 
1 1 0/123 (2 ) 40 33 4 0 
110/1 23 (3 ) 6 0  5 9  0 0 
&p h a g e  
11 0 /1 3 5  (3 ) 6 0  5 4  0 0 
1 1 0/1 3 5  ( 3 )  6 0  6 0  0 0 
&p h a g e  
* numb e r  o f  p la n t s  t e s t e d 
(3 5 )  
no d u l e s  n o d u l e s  
w/1 1 0 &1 23 w/1 1 0 &1 3 5  
1 0 
0 0 
3 0 
1 0 
0 6 
0 0 
Tab l e  4 :  E x p e r im e n t  4 s h ow ing t h e  c omp e t i t i on r e s u l t s  a s  
d e t e rm i n e d  b y  t h e  a g e s  of t h e  p l a n t s . 
Age of p la n t  a t  t ime * #nodu l e s  nodu l e s  nodu l e s  
of i n oc u l a t i on t e s t e d w/110 w/123 
5 d a y s  ( 3 )  6 0  3 2  2 4  
7 d a y s  ( 3 )  6 0  47 7 
9 d a y s  ( 2 )  40 14 23 
11  d a y s  ( 2 )  40 13 2 7  
* numb e r  o f  p la n t s t e s t ed 
( 3 6 )  
nodu l e s  
w/110&123 
4 
6 
3 
0 
T a b l e  5 :  E x p e r iment 5 t e s t in g  t h e  c omp e t i t iv e n e s s  o f  R .  
japo n i cum s t r a i n s  1 1 0 ,  1 2 3 a n d  1 3 5  w i t h  t h e  u s e  o f  
p h ag e .  
Rh i zo bium * #n odu l e s  n o d u l e s  n o d u l e s  n o d u l e s  
i n o c u l a n t  t e s t e d  w /1 1 0  w/1 23 w/1 3 5  
1 1 0  ( 1 ) 2 0  2 0  0 0 
1 2 3  ( 1 )  2 0  0 2 0  0 
11 0 /1 2 3  ( 2 ) 40 23  9 0 
1 1 0 /1 2 3  ( 3 )  6 0  6 0  0 0 
&p h a g e  
1 1 0 /1 3 5  ( 2 ) 40 3 1  0 4 
11 0 /1 3 5  ( 3 )  6 0  5 8  0 0 
&p h a g e  
·1 1 0/1 23 ( 2 ) 40 1 0  2 0  
& 1 3  5 
o ld ( 2) 3 4  2 2  9 
1 1 0/1 23 
., 
* number o f  p la n t s t e s te d  
( 3 7 )  
n o d u l e s  n o d u le s  
w/1 1 0 &1 23 w/1 1 0 &1 3 5  
0 0 
0 0 
8 0 
0 0 
0 5 
0 2 
1 0  
3 
wick ----.i--t------
. 
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oil cover 
F ig u r e  1 :  I l lu s t r a t i o n  o f  t he Leona r d  j a r . 
( 3 8 )  
F i g u re 2 : · M o rp ho l o g y  o f  t he P 1 3 5 p l  p la qu e .  
( 3 9 )  
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F i g u r e  3 : Cr o s s r ea c t i o n  b e t  w e e n  R • i. 11 0 a n-t i s  ·e -r u m  a n d  
R.i. 110, 123 a n d  135 s t ra i n s  o f  b a c t e ria . 
( 4 0 )  
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F i gure 4 :  Cross rea c t i o n  b e t w e e n  l x  a d s o r b e d - R . i-.• 110 
a n t iserum and R. i .  110 , 123 a n d  13 5 st ra i n s .  
( 41) 
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F i g u r e  5:  C r o s s  r ea c t io n  b e t w e e n  2 x  a d s o r b e d  R.i. 110 
a n t i s er um a n d  R.i. 110 , 123 a n d  135 s t ra in s . 
(42 ) 
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F i gure 6 :  C r oss r e a c tion b e t w e e n  3 x  a d so r be d  R;li 1 1 0  
a n t iserum a n d  R.i. 1 1 0 ,  1 2 3 a n d  1 3 5  st r a i n s .  
( 43 ) 
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Figure 7 :  M i c ro t i t e r  p la t e  3 ,  t re a t e d  w i t h  1 1 0  a d s o rb ed 
a nt i s er u m .  
(44) 
F i g u r e  8: M i c r o ti ter p l ate 4 ,  treated w i th 1 23 
a n ti s erum . 
( 4 5 )  
APPENDIX 1 
E L I SA 
1 .  Wash b a c t e r i a  o f f  s l a n t  w i t h  3 m l  o f  so lut i o n  A .  P l a c e  
ba c t e r i a l  solut i o n  i n  b o i l in g  w a t e r  b a t h  f o r  1 5  m i n ut e s .  
2 .  M e a sur e t h e  O . D .  a t  6 2 0nm . D i l ut e  t o  a n  O . D .  o f  
a p p r o x i ma t e l y 0 . 5  using so lut i o n  B .  
3 .  A d d  l O O u l  o f  b a c t e r i a l  so l ut io n  t o  e a c h  m i c r o t i t e r  
w e l l .  A l low t o  stand i n  c o l d  r o o m  o v e r n i g h t . 
4 .  F l i p  t h e  E L I SA p l a t e  ·and emp t y  i t . Wash e a c h  w e l l  
w i t h  so lut i o n  C .  Rep ea t  t wo m o r e  t im e s  w i t h  a bout 5 
m i n  u t e s  in b e t w e e n  e a c h  w.a sh • 
5 .  P r e p a r e  t h e  d e si r e d  d i l ut io n (s )  o f  a n t ise r um in 
so lut i o n  C • 
6 .  A d d  l O Oul o f  t h e  a p p to p r fa t e  d i l ut i o n  t o  t h e  
a pp r o p r i a t e  we l l .  A l low t o  in c ub a t e  a t  2 8 C  (room t emp . )  
f o r  1 hour . 
7 .  F l i p  t h e  p l a t e  a n d  emp t y  i t . Wash w i t h  so l u t io n  C 
t h r e e  t im e s  a s  b e f o r e . 
8 .  Di l ut e  g o a t -AG a l ka l ine p h o sp h a t a se c o n j uga t e  2 5 0 0 x  
w i t h  so lut i o n  C (4ul/ 1 0m l o f  C ) . 
9. A d d  l O O u l  t o  e a c h  w e l l .  I n c ub a t e  f o r  3 h o ur s  a t  3 7 C  
o r  o v e r n i g h t  i n  t h e  c o l d  r o o m . 
1 0 .  Emp t y  a n d  wash t h r e e  t im e s  a s  be f o r e .  
1 1 .  P r e p a r e  subst r a t e  b y  a d d ing lmg o f  Sigma 1 0 4  
p h o sp h a t a se subst r a t e  p e r  l m l  o f  so lut i o n  D .  A d d  l O O u l  o f  
t h i s  subst r a t e  t o  e a c h  w e l l  a n d  a l l ow c o lo r  t o  d e v e l o p  f o r  
a p p r o x ima t e l y 1 h o ur (r e c o r d  t im e ) . 
1 2 .  A d d  S O u l  o f  a 3M NaOH so lut i o n  t o  st op t h e  r e a c t io n . 
1 3 . Rem o v e  c o n t e n t s  o f  e a c h  w e l l  t o  a t e st t ub e ,  a n d  a d d  
lm l o f  wa t e r  a n d  m e a sur e t h e  a b so r ba n c e  a t  405nm . 
(46 ) 
SOLUT I O N S  
A .  Sa l in e  so lut i o n  
. 8 5% NaCl 
B .  Co a t ing 
1 • 6 g  
2 . 9 g 
0 . 2g 
l . OL 
c. P BS-Tween ( n o n  i o n i c  d e t e r g en t )  
8 . 0g NaCl 
D .  
0 .  2g KH 2P O  t 
2 .  2 g  N a  2H P O  4x7H 20 
0 . 2g KCI 
0 . 2 g NaN 3 
O . Sm l  Tween-20 
l . OL H20 
Subst r a t e  buff e r  
O . lM G l y c i n e  
O . O O l M  MgCl 
O . O O O l M  Z n C  1 
(a d j ust pH t o  1 0 . 5  w i t h  
(47 ) 
N a O H )  
APP ENDIX 2 
Y EAST EXTRACT-MANNITOL MEDIUM 
INGREDI ENT 
K2 HP04 
MgS04x7H2 o 
N a e  1 
Mann i t o l  
G l u c o n i c  A c id 
Y e a s t  Ext r a c t 
A g a r  
Amount p e r  L i t e r  
0 .  5g 
0 . 2g 
O . l g  
5 . 0g 
5 . 0g 
O . S g 
1 5 . 0g 
A d j u s t  pH t o  6 . 7-7 . 0  w i t h  HC l b e fo r e  a u t o c l a v ing 
INGREDI ENT 
Suc r o s e  
K2 HP04 
Nae 1 
Y ea s t  E x t r a c t 
M I N IMAL SALT MEDIUM 
( 4 8 )  
Amount p e r  L i t e r  
2 . 5g 
O . S g 
O . lg 
O . S g 
APP ENDIX 3 
CONC ENTRATED TRYPTONE MEDIUM 
I N GREDI ENT 
T r y p t o n e  
MgC l2 x6H20 
K n o x  g e l a t in 
A d j u s t  p H  t o  7 . 0 
Amount p e r  2 0m l  o f  B 0 
2 . 0g 
0 . 8 6 g  
0 . 2g 
MOD I F I ED FABREUS MEDIUM 
I N GREDI ENT 
C a C  l2x2H20 
KH2P04 
Na 2HPO 4 x 7 H  zO 
Mg SO 4x7H 20 
FeC l 3 
Na c i t r a t e  
G i b s on ' s  t r a c e  e l em e n t  
A d j u s t  p H  t o  6 . 5  
( 49 )  
Amo u n t  p er L i t e r  
l O Omg 
l O Omg 
1 1 2mg 
1 2 0mg 
Smg 
Smg 
l m l  
LIT ERATURE C IT E D  
1 .  Ba l ,  A . K . ,  S .  S h a n t h a r am a n d  S .  Rat nam . 1 9 7 8 .  
U l t r a s t ru c t u r e  o f  R h i z o b ium japo n i cum in r e l a t i o n  t o  i t s  
a t t a c hm e n t  t o  r o o t  h a i r s . J .  o f  B a c t e r i o l .  1 3 3 : 1 3 9 3 -
1 40 0 . 
2 .  C a l d w e l l ,  B . E .  a n d  G .  Ve s t . 1 9 6 8 . Nodu l a t i o n  
i n t e ra c t i o n s  b e t w e e n  s o yb e a n  g e n o t y p e s  a n d  s e r o g r o u p s  o f  
Rh i zo b ium japo n i cum . C r o p  S c i en c e .  8 :  6 8 0 -6 8 2 . 
3 .  C a r l s on , R . W .  1 9 8 6 . R h i z o b ium p o l y s a c c ha r i d e s . 
Subm i t t e d  t o  App l .  E n v i r o n . M i c ro b i o l .  
4 .  E a r d l y ,  B . D . ,  D . B .  Hannaway a n d  P . J .  B o t t om l e y . 
1 9 8 5 .  C h a ra c t e r i z a t i o n  o f  Rhi z o b i a f rom i n e f f e c t iv e  
a l f a l f a  n o d u l e s : a b i l i t y  t o  n o d u l a t e  b e a n  p l a n t s 
[ P h a s e o lu s  vu lga r i s  ( L . )  S av i . ]  App l .  E n v i r o n . 
M i c r o b i o l .  5 0 :  1 4 2 2 - 1 42 7 . 
5 .  Engv a l l ,  E .  a n d  P .  P e r lmann . 
l in k e d  immu n o s o rb e n t  a s s a y , E L I SA . 
Immun o l o g y . 1 0 9 : 1 2 9 - 1 3 5 .  
1 9 7 2 .  E n z ym e ­
T h e  J .  o f  
6 .  F e rna l d , M . L .  1 9 5 0 . Gra y ' s  Manu a l  o f  B o t a n y . 
Ame r i c a n  Book Comp an y . N e w  Y o r k , New York . 
7 .  Fuhrman , J .  a n d  A . G .  Wo l lum . 1 9 8 5 . S imp l i f i e d  
en zym e - l i n k e d  immu n o s o rb a n t  a s s a y  f o r  r o u t i n e  
i d e n t i f i c a t i o n  o f  R h i z o b ium japo n icum a n t i g e n s . App l .  
E n v i r o n . M i c ro b i o l .  4 9 :  1 0 1 0 - 1 0 1 6 .  
8 .  H a l v e r s on , L . J .  a n d  G .  S t a c e y . 1 9 8 5 . H o s t  
r e c o gn i t i o n  i n  t h e  R h i z o b ium- s o y b e a n  s ymb i o s i s . P l a n t  
P h y s i o l .  7 7 :  6 2 1 -6 2 5 .  
9 .  H a l v e r s o n , L . J .  a n d  G .  S t a c e y . 1 9 86 . E f f e c t  o f  
l e c t i n  o n  n o d u l a t i o n  b y  w i l d - t y p e  B r a dyr h i z o b ium 
japo n icum a n d  a n o d u l a t i o n -d e f e c t i v e  mu t a n t . App l .  
E n v i r o n . M i c r o b i o l .  5 1 : 7 5 3 - 7 6 0 . 
1 0 .  K o s s l ak , R . M . ,  B . B .  B o h l o o l ,  S .  Dowd l e  and M . J .  
( 5 0 )  
S a d o w s k y . 1 9 8 3 . Comp e t i t i o n  o f  R h i z o b ium japo n i cum 
s t r a i n s  in e a r l y  s t a g e s  of s o yb e a n  n o d u l a t i o n . App l .  
E n v i ron . M i c r o b io l .  46 : 8 7 0 - 8 7 3 .  
� 1 1 .  K o s s lak , R . M .  a n d  B . B .  B o h l o o l .  1 9 8 5 . I n f lu e n c e  
o f  e n v i r o nm e n t a l  f a c t o r s  o n  i n t e r s t ra in c o m p e t i t i o n  i n  
Rh i zo b ium japo n i cum . App l .  Env i r o n . M i c r ob i o l .  4 9 :  
1 1 2 8 - 1 1 3 3 .  
1 2 .  K r i e g ,  N . R .  a n d  J . G .  H o l t . 
manu e l  o f  s y s t ema t i c  b a c t e r i o l o g y . 
W i lk in s . B a l t imo r e ,  Lond o n . 
1 9 8 4 .  B e r g e y ' s  
W i l l iams a n d  
1 3 . L i eb e rman , M . T . ,  R . M .  Z a b l o t o w i c z a n d  N . P .  D a v i s ­
Omho l t . 1 9 86 . Imp r o v e d  m e t h o d  o f  t y p i n g  B r a dyr h i zo b ium 
japo n i c u m  in s o y b e a n s  n o du l e s . Ap p l .  E n v i r o n . 
M i c r o b i o l .  5 1 : 7 1 5 - 7 1 9 .  
1 4 .  M i l l e r , J . B .  1 9 7 2 .  E x p e r i m en t s  in m o l e c u l a r  
g e n e t ic s .  C o l d  S p r ing H a r b o r  La b o r a t o r y ,  C o l d  S p r in g  
H a r b o r , N e w  Y o r k . p 46 . 
1 5 .  O l s en ,  P . E .  a n d  W . A .  R i c e .  1 9 8 4 .  M i n ima l 
a n t i g e n i c  c ha r a c t e r i za t o n  o f  e i g h t  R h i z o b ium m e l i l o t i  
s t ra i n s  b y  i n d i r e c t  e n z ym e - l i n k e d  immu n o s o r b e n t  a s s a y  
( E L I SA ) . C a n . J .  M i c r o b i o l .  3 0 :  1 0 9 3 - 1 0 9 9 . 
1 6 . Qu i s p e l ,  A .  1 9 7 4 .  T h e  b i o l o g y  o f  n i t r o g e n  
f i x a t i o n . N o r t h-Ho l l and Pub l i s h i n g  C o mp a n y . Am s t e r d a m ,  
O x f o r d . 
1 7 . R e y e s , V . G .  a n d  E . L .  S c hm i d t . 1 9 8 1 . P o p u l a t i o n s  
o f  R h i z o b ium iapo n i cu m  a s s o c ia t e d  w i t h  t h e  s u r f a c e s  o f  
s o i l-gr own r o o t s . P la n t  a n d  S o i l .  6 1 :  7 1 - 8 0 . 
1 8 .  R i c e ,  W .A . ,  P . E .  O l s en a n d  W . J . P a g e .  1 9 84 . E L I S A  
e v a l u a t i o n  o f  t h e  c o mp e t i t iv e  a b i l i t i e s  o f  t wo Rh i z o b ium 
m e l i lo t i  s t ra i n s . C a n . J .  M i c ro b i o l .  3 0 :  1 1 8 7 - 1 1 9 0 . 
1 9 .  R o b e r t , F . M .  a n d  E . L .  S c h m i d t . 1 9 8 5 . A c o mp a r i s o n  
o f  l e c t i n -b i n d i n g  a c t iv i t y  i n  t wo s t r a i n s  o f  R h i z o b ium 
japo n i c um . FEMS M i c r o b i o l L e t t e r s .  2 7 : 2 8 1 - 2 8 5 . 
2 0 . S c hmi d t , E . L . ,  M . J .  Z i d w i c k  a n d  H . M .  Abe b e .  1 9 8 6 . 
( 5 1 )  
B r a dyr h i z o b ium japo n i cum s e r o c l u s t e r  1 23 a n d  d iv e r s i t y  
among memb er i s o la t e s . E n v i r o n . M i c ro b i o l .  p p  1 2 1 2 -
1 2 1 5 .  
2 1 . Soma s e j a r a n , P .  and H . J .  H o b e r . 1 9 8 5 . M e t h o d s  in 
l egume-Rh i zo b ium t e c hn o l o g y .  Un i v e r s i t y  o f  Hawa i i  
NI FTAL P r o j e c t  MIRCEN . pp 3 0 1 -3 03 . 
2 2 .  Wi l l i am , L . E .  a n d  D .A .  P h i l l ip s . 1 9 83 . I n c r e a s e d  
s o y b e a n  p r o d u c t iv i t y  w i t h  a R h i z o b ium japo n i c um mu t an t . 
C r o p  S c i en c e .  2 3 : 2 4 6 - 2 5 0 . 
2 3 . W i n a r n o , R .  a n d  T .A .  L i e . 1 9 79 . Comp e t i t i o n  
b e t we e n  R h i z o b ium s t r a i n s  in n o d u l e  f o rmat i o n : 
i n t e r a c t i on b e t w e e n  n o d u l a t i o n  a n d  non-nodu l a t i n g  
s t r a in s .  P la n t  a n d  So i l .  5 1 : 1 3 5 - 1 4 2 . 
(5 2 )  
